This study provides further evidence with respect to findings reported by Stein et al. (1994) and O'Keefe et al. (1994) 
INTRODUCTION
ery few studies have examined the effect of audit firm tenure on audit hours. The present study provides evidence beyond that of O"Keefe et al. (1994) and Stein et al. (1994) based upon a new sample different in terms of the number of audits, audit firms, and industries represented. Most studies considering auditor tenure involved audit fees rather than audit hours, and these studies provided mixed results. Because audit fee is a function of both audit hours and rate per hour, audit fees are not as fine a measure of audit efficiency as audit hours. Thus, there is a need to further investigate the relation of audit hours to auditor firm tenure rather than fees to tenure to get a firm grasp on whether learning occurs for new audits. Stein et al. (1994) and O"Keefe et al. (1994) report that the demand for professional labor on audits depends on the client characteristics of size, complexity, and risk. They also report, contrary to expectations, that auditor firm learning, as measured by an auditor tenure indicator variable or an interaction variable of auditor tenure by auditee size in a cross-sectional analysis, is not related to the number of hours required to complete an audit. This finding is difficult to understand as auditors should benefit from learning which should result in a reduced number of hours needed for repeat audits of the same client.
II. PRIOR RESEARCH
There has been surprisingly little research that considered the effect of learning on audit hours. A review of some of the leading accounting and auditing journals 1 identified only eight articles (other than O"Keefe et al. 1994
and Stein et al. 1994 ) that considered auditor tenure in empirical studies, and all of these studies involved audit fees rather than audit hours. While audit hours and fees are related, factors such as low-balling, fixed-fee contracts, and competition reduce the correlation between audit hours and fees. The findings for audit fees may provide some indication of learning if audit firms expect that learning will affect the number of audit hours after the first year or first few years.
The results of these eight studies are mixed, with four (Barefield et al. 1993; Cullinan 1998; Behn et al. 1999; Craswell and Francis 1999) finding no significant effect and four (Simon and Francis 1988; Copley et al. 1994 ; Ward et al. 1994 ; Walker and Casterella 2000) finding some effect.
Only two of eight studies (Simon and Francis; Walker and Casterella) find any evidence that audit firms may expect to be able to reduce audit hours due to learning. This lack of consistent findings may indicate either that there is very little auditor learning or that auditor learning occurs in a more complex manner than might be expected.
III. RESEARCH QUESTION
The expectation that there should be a learning curve in auditing (O" , combined with the mixed results of prior studies, indicate the necessity to examine auditor firm learning further. The regression models used by O"Keefe et al. (as discussed later) included a main effect term for auditor tenure or an interaction effect term for auditor tenure by assets, but not both concurrently. Since there appears to be no theoretical foundation for including either term alone or even both in the model to capture auditor learning, the inclusion of both terms may be required for proper model specification especially if the degree of learning observed is contingent upon auditee size. The question of whether one can observe decreased audit hours on repeat engagements as a function of auditee size, ceteris paribus, is addressed in the present study.
We expect that auditor learning, if it is observable, can be detected using both an indicator variable for auditor tenure and an interaction variable for auditee size by auditor tenure simultaneously; that is, auditor tenure may influence the curvature of the relation between client size and audit hours. A cross-section of audits is appropriate for detecting such learning curve.
O"Keefe et al. (1994) point out that "when audit technologies are constant, the best way to establish the existence and nature of learning curves in auditing would be through longitudinal analysis." (p. 252). Since it has been documented in the literature (Bamber et al. 1993; Gist 1994 ) that larger firms have been moving towards more structured audit methodologies, we cannot assume that audit technology is constant over time. A cross-sectional test for a period in time may be just as or even more powerful than a longitudinal test attempting to control for changing technology.
IV. METHOD
Because of the number of factors that affect the audit production function, we follow the research approach used by Stein et al. (1994) Stein et al. (1994) included 108 additional observations from financial services audit clients. In contrast to the approach taken in these studies, we do not restrict our sample by industry, except that in preliminary models we controlled for financial institutions and utilities (a total of seven observations). In these industries audit fees have been found to be systematically lower (Palmrose 1983 (Palmrose , 1986 Simunic 1980 ). Industry indicator variables for financials and utilities were not significant in any of our models and therefore were omitted to avoid an overfitting problem. With the use of data from a variety of industries, our findings may be considered generalizable across industries. On the other hand, using a diverse data set may reduce the likelihood of finding significant results because of possible heteroscedasticity among the estimated regression coefficients.
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A data-gathering form 3 was drafted and revised after review by several partners and managers. Information was requested for the client and for the audit. Client information included industry 4 , number of consolidated subsidiaries, total number of reports issued, type of audit report, number of locations audited, number of times the client was audited by the firm, existence of internal auditors and audit committees, and financial information on assets, liabilities, and income. Audit information included the reported number of audit hours by each staff level (partner, manager, senior, and junior). Offices of international accounting firms were contacted to solicit their participation in this study by providing detailed confidential information on a random sample of 25 of their publicly-held clients. We attempted to minimize response bias by requiring a random sample 5 and restricting our data gathering from only international firms. Use of only international auditors also provides for control over audit quality. We received 88 data sets from four accounting firms. Not all of the forms were usable, mainly because they were incomplete or not related to publicly-traded companies. The final usable sample consisted of 75 audits; descriptive statistics for these audits are shown in Table 1 .
The size of audit clients in the sample varies widely with assets ranging from $.3 million to $3,674 million (with a mean of $263 million) 6 . Thirty-one percent of our sample has internal auditors and 63 percent of external auditors has tenure of four or more years. For both the financial and industrial institution subsamples of Stein et al., 71.2 percent of external auditors has tenure of four or more years; for 27.8 percent of their financial institutions internal audit assistance was extensive, whereas for only 6.4 percent of their industrial institutions was internal audit assistance extensive.
V. RESEARCH DESIGN
Since production theory does not suggest a specific functional form of the relation between audit hours and its determinants, we examine three different functional forms of the empirical model considered by O"Keefe et al. (1994) as O"Keefe et al. found their results to be robust to the choice of functional form. Because of the constant variance assumption, prior researchers found it necessary to linearize the relation between audit fees (or audit hours) and client assets to correct for heteroscedasticity. Prior research has also shown client size alone explains more than 50% of the variation in audit fees, although other client factors influence both fees and hours.
The first functional form of the model recognizes the importance of client size in determining audit hours. The natural logarithm of both hours and total assets is used to linearize the relation. The model assumes that the effect of other client characteristics on audit hours is dependent on the level of client assets. In the empirical model this would be shown as interaction variables of other characteristics and the log of assets. The empirical model is as follows: Another empirical model considered by O"Keefe et al. (1994) and tested on the data of the present study assumes all client characteristics to be equally important. This model was also used by Ashton et al. (1987) . In this model the main effect term for auditor tenure is included, but the auditor tenure by log of assets interaction term is omitted. In addition to using the log of audit hours and client size, other client characteristics measured in continuous form are also transformed using the natural logarithm. The linear model is stated as: By using the models specified in O"Keefe et al. (1994) and Stein et al. (1994) , we are able to determine whether our results using a different sample are consistent with the results of those studies.
Model Specified For The Present Study
We ran another empirical model, specified based on the sampling distribution of variables, which is a slight variation of the second and third empirical models tested by O"Keefe et al. We started out by taking the log of only audit hours and total assets because of the non-linear relation between these two variables. Also, based on prior research, these are the variables usually transformed to correct for nonconstant variance in the residuals. It was then considered necessary to use the log transformation for four other variables controlling for complexity (i.e., number of consolidated subsidiaries, number of audit locations, and number of reports prepared) and risk (i.e., return on assets) because of skewness in these variables as indicated by the magnitude of the relation between the mean and median. where, h = audit hours, X = auditor tenure classification variable, A = total assets, S = number of subsidiaries, L = number of audit locations, R = number of reports prepared, ROA = return on assets, and Y i = all other client characteristics measuring complexity, risk, and audit firm indicator. The above model is derived from the following underlying functional relation:
A second reduced model (not shown) excludes the auditor tenure main effect term (X) and includes a auditor tenure by assets interaction term (X * Ln A). The full model (not shown) includes both auditor tenure main effect and interaction terms.
Since this paper focuses on whether the influence of auditor tenure is contingent upon auditee size, and there appears to be no theoretical foundation for whether to consider either an auditor tenure main effect term or its interaction with client size or both simultaneously in the audit effort model, Model 3 was run (as displayed with just the auditor tenure main effect variables - Table 2 ). Next, the model was rerun omitting the auditor tenure main effect variables but including the interaction variables (Table 3) . Then the full model was run including both auditor tenure main effect and interaction variables ( Table 4) . Coefficients of the test variables and explanatory power of each model are examined for significance and changes.
Given the lack of accounting theory, our preference is for the full model (in which the interaction term is a function of variables already entered into the model), unless multicollinearity is problematic. Support for this model specification is provided in a discussion of interaction or moderating effects in the statistical text by Hair et al. (1995, pgs. 170-171) ; they express the necessity to observe the change in R 2 in assessing a significant moderating effect in this model formulation. Collinearity diagnostics are calculated to address the issue of multicollinearity.
For each of our models, five regression equations were run using total actual audit hours, partner hours, manager hours, senior hours, and junior hours as dependent variables individually. In addition to functional form, the variables or proxies employed in these models are similar to those used by O"Keefe et al. (1994) and Stein et al. (1994) with respect to controlling or measuring the general factors of size, complexity, and risk, except that we do not consider the variables they found not to make a contribution. We do not include the variable that measured the degree of reliance on client"s internal controls as this variable was not significant in any of Stein et al."s five full models. We also do not consider the degree of auditor involvement in management consulting or tax services as Stein et al. found these variables had no significant effect. The next section discusses the results and is followed by a section on tests of alternative model specifications, then the summary and conclusion.
VI. RESULTS
When using our data set to run the three empirical models tested by O"Keefe et al. and Stein et al. (results not displayed), we find substantially similar results of no evidence of auditor learning. Being able to replicate their results with very high explanatory power (ranging from 58% to 78%) and significant size, complexity, risk and auditor identification variables, suggest comparability between our sample and those of O"Keefe et al. and Stein et al. 8 Neither auditor tenure main effect nor auditor tenure interaction effect was significant; and the coefficients and significance level of all other client factors did not change when considering both slope change (interaction effect) and intercept shift (auditor tenure effect) simultaneously in their models. The latter suggests that any collinearity induced by this model formulation did not cause instability of parameters.
Results Of Model Specified For Present Study
Results of the first reduced model specified for the current study (Model 3), considering only the auditor tenure main effect variables, are shown in Table 2 . The coefficients of the auditor tenure main effect variables (in a parsimonious model) are expected to be positive (indicating that the first three audits are relatively inefficient compared to later audits), and in the following order as learning should occur immediately after the first audit: AUDT1> AUDT2> AUDT3. The effect of auditor tenure for four or more years is embedded in the intercept. As Table 2 indicates, when the auditor tenure interaction variables are not considered none of the 15 main effect variables is significant and seven are negative in this restricted model. There are significant size, risk, and complexity variables in the expected direction, and significant firm indicator variables. Because of concern for overfitting the models, we dropped the firm indicator variables as all firms are international with similar audit methodology, and the literature assumes similar audit quality among the international as compared to the noninternational firms. Results are substantially the same with and without firm indicator variables. Adjusted R 2 " s of the models range from .60 to .80.
We then ran the second reduced model specified for the current study, which considers only the auditor tenure variables interacting with assets. As Table 3 shows, when the auditor tenure main effect variables are excluded, none of the 15 interaction variables is significant and ten are negative in this restricted model. There are significant size, risk, and complexity variables in the expected direction. The adjusted R 2 " s of the models range from .60 to .80. = Indicator variable for identity of audit firm 3
Next, the full (parsimonious) model, with both main effect and interaction effect variables, was run. For this unrestricted model, as shown in Table 4 the auditor tenure main effect variables are in the expected direction and significant for certain staff levels. The 15 main effect variables are all positive and eight are significant at the .10 level or less. All 15 interaction variables are negative, with seven significant. The models are significant with adjusted R 2 " s ranging from .60 to .82. Thus, it appears that both main effect and interaction effect terms are needed for proper specification of the model since neither term entered alone is significant. 9, 10 Further, as discussed below, the interaction between auditor tenure and auditee size is much more complex (as evidenced by the negative coefficient) than could have been anticipated a priori.
At this stage of analyses, the regression models in Table 4 tend to suggest that auditor learning does occur, but the extent to which it can be observed is dependent upon auditee size. The first year audit variables for partners, managers, and seniors are significant, indicating that most learning occurs during the first audit. The reducing magnitude of the main effect coefficients indicates that as auditor tenure increases, audit hours are decreasing.
The coefficients of the interaction variables are negative and decreasing in magnitude (except for juniors) as auditor tenure increases; that is, the slope of the regression line is increasing as auditor tenure increases. Stated differently, increasing auditor tenure results in a smaller reduction in audit hours for larger auditees compared to that for smaller auditees. This suggests that additional hours required for larger and more complex operations offset savings in hours due to learning. The effects are more complex than was expected a priori, and hence, the negative coefficient on the interaction variables is contrary to initial expectations. In addition, the differences in magnitude of coefficients of auditor tenure variables across the different grades of labor suggest that the effects of auditor learning are not realized consistently.
The above results are tentative and must be interpreted with caution especially since statistical significance may not equate to economic significance. The largest increase in model R 2 is from .60 to .64 for seniors. For juniors and total audit hours, the increase in explanatory power of the full models over the reduced models is only two percent. Further, a curious finding is observed when comparing the full model to the model omitting both main effect and interaction effect terms for auditor tenure: for all staff levels, the full model does not provide any incremental explanatory power over the model excluding both auditor tenure variables. This suggests that when auditor tenure is examined, that because of its interrelation with client size, both main effect and interaction effect must be considered for proper specification. This interpretation is based in part on auditor tenure variables being found to be significant only in the full model, in spite of the lack of a substantial increase in R 2 . Taken as a whole, these results tend to imply that if learning does occur on repeat audit engagements, it is not of economic significance.
Analysis Of Response Functions
To further investigate the relation between tenure and client size, we examine response functions. Because both intercepts and slopes differ for various classes when interaction effects are present, the effect of the qualitative variable can be studied only by comparing the regression functions for each class of the qualitative variable (Neter et al. 1983, 336 ). In other words, when significant interactions exist, the coefficient of the class variable no longer indicates how much higher (lower) one response line is than the other (i.e., how much higher or lower audit hours for different levels of auditor tenure). One must consider the total response function. We examine the different response functions for the different levels of the auditor tenure variable by substituting indicator variables and reducing the audit hours equation for each staff level. We begin with senior audit hours as learning is very pronounced for seniors. Table 4 Because the general form of the algebraic derivation of response functions does not change, the calculations are not shown for audit hour equations of partners, managers, and juniors. The response functions indicate how the intercepts and slopes change for the different audit hour models as auditor tenure increases. Plots (Figures 1 through 5 ) of these response functions are useful in visualizing and interpreting the relations. The learning effect is very pronounced for seniors and partners, and to a lesser extent for managers and juniors, in the audits of smaller auditees. It is also interesting to note that while the response functions are sloping upwards, there is convergence, especially among the highest auditor tenure levels. In fact, it appears that for the largest auditees, firms with greater tenure have a greater number of audit hours than firms with less tenure (i.e., an inversion of the plots). This horizontal backwards S-curve may indicate that firms with more client experience can more readily recognize the need for greater audit effort for clients of greater size and complexity. The power of the statistical test for learning is enhanced using disaggregated labor hours as it appears that auditor tenure has differential influences on the different grades of professional labor.
The senior audit hours equation of
We computed the points of intersection of the response functions (by setting them equal to one another and solving for LASSET) for each grade of professional labor, as indicated in Table 5 . These points show the auditee size at which audit hours are the same for different tenure levels. The plots and calculated intersection points emphasize that the influence of auditor tenure on audit hours is dependent on client size. 
VII. COLLINEARITY DIAGNOSTICS AND FURTHER TESTS OF ALTERNATIVE MODEL SPECIFICATIONS
Some collinearity was induced into the models when both main effect and interaction terms were added simultaneously. The variance inflation factors (VIFs) for the auditor tenure and auditor tenure by size interaction variables ranged from 34 to 55. The VIFs for all other variables remained below 2.45. According to Neter et al. (1983, 392) , a VIF in excess of 10 may indicate that multicollinearity is unduly influencing the least squares estimates.
To explore this possibility, collinearity diagnostics were produced by the SAS program. An examination of the condition indices and the regression coefficient variance-decomposition matrix provided no evidence that collinearity is a problem. Condition indices represent the collinearity of combinations of variables in the data. When the condition indices are large, the data is said to be ill-conditioned. According to Hair et al. (1995, 153) , the threshold value is usually in a range of 15 to 30, with 30 being the most commonly used value. A collinearity problem is indicated when a condition index exceeds the threshold value and it accounts for a substantial portion of the variance (.90 or above) for two or more coefficients (Hair et al. 1995, 153) . The SAS procedure generated 21 condition indices for each model with only three exceeding the threshold value of 15 (only one exceeding 30); of the three only one explained 92% of the variance of the coefficient for the log of assets. Since that index has only a single value (the coefficient of log of assets) associated with it, no collinearity is indicated. Thus, based on this analysis the data is not considered to be ill-conditioned nor is the collinearity suggested by the VIFs unduly influencing the regression results.
To satisfy ourselves further that the collinearity suggested (by the VIFs) was not driving the results, we performed an orthogonal regression procedure which uses the Gentleman-Givens method (Gentleman 1972A; Beaton et al. 1976 ).
11 When severe multicollinearity is present in the data, this procedure can produce more accurate estimates of statistical standard error than other regression procedures. The results of the Orthoreg procedure are identical to those reported for PROC REG and PROC GLM in this study.
Other alternative specifications of the model provided evidence of robustness of the results. The results remained substantially unchanged when: 1) assets were not transformed using the natural log, 2) the natural log of assets was removed from the right-hand side of the equation and used to deflate the log of audit hours on the lefthand side, and 3) the natural log of assets was transformed further by subtracting its mean. The latter method of expressing an independent variable as a deviation around its mean has been used in polynomial regression models to reduce the multicollinearity substantially and tends to avoid computational difficulties (Neter et al. 1983, 301) .
VIII. SUMMARY, CONCLUSION, AND LIMITATIONS
This paper investigates the unexpected result reported by O"Keefe et al. (1994) and Stein et al. (1994) that no evidence of auditor learning was found with respect to the number of hours required to complete an audit. We were able to replicate the results of their models, after which we ran a model specified to take into account the restrictions and requirements of our data. The results of this model indicate some differential auditor learning among partners, managers, and seniors in audits of smaller clients. However, the evidence is not compelling enough to conclude differently from prior research, given only a modest degree of improvement in explanatory power. Therefore, from an economic perspective the statistically significant results do not equate to a substantial impact of audit firm tenure on audit hours.
Because of limited observations per industry in our sample, industry effects may not be reliably controlled. This could possibly result in an omitted variable problem causing the tenure measures to have biased coefficients. Nevertheless, the omitted variable problem may be mitigated by the fact that the observations are well dispersed across industries, with no concentration of audits in any particular industry. While the diverse data should work against finding significant results, its heterogeneity may increase the risk that the model is not properly specified. We tested for systematic industry effects of financials and utilities to later drop these variables due to insignificance and concern for overfitting the models.
A potential limitation of this study is that the small number of observations per auditor tenure level for one to three years may not render stable response functions. Notwithstanding this data limitation, the replication of Stein et al. (1994) and O"Keefe et al. (1994) provides evidence of comparability and reliability of our samples, although Stein et al. and O"Keefe et al. papers were based on larger samples drawn from one international firm. Consistent with the findings of these authors, our model highlights the importance of the three client factors of size, complexity, and risk in the audit production function. We initially included indicator variables to control for systematic differences among audit firms" production functions; however, given that our sample consists of only international auditors, firm indicator variables were eventually dropped. The basis for this alternative specification is supported by literature that international firms are similar in respect to audit methodology and quality. Results remain substantially unchanged between alternative treatments.
An interesting aspect of learning that we were not able to investigate relates to turnover of staff during the first few years of an audit. We would expect the highest turnover to occur with junior staff, reduced turnover for seniors and managers, and very little turnover for partners over the first three or four years of an audit. We considered that the effect of individual auditor tenure as apposed to the effect of firm level tenure would have been a more interesting question, however our communication with contacts at firms suggested that the response rate would have been minimal given time consumption and cost of data collection.
Future research may consider investigating differences in learning curves between small and large audit client subsamples given the inverted plots of response functions for the auditor tenure by auditee size interaction effect found. Also, a longitudinal approach taking into account changes in client size, risk, complexity, and audit technology could provide further insight not available in a cross-sectional analysis.
DATA AVAILABILITY
Because of the proprietary nature of data from accounting firms, only summary data may be obtained.
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